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ABSTRACT 
* 
I 
Evidence collected to date indicate exposure of rats for  
four weeks to  a high oxygen-lov: p re s su re  environment (100% 
0 2 ,  5 ps ia)  produces symptoms of marginal oxygen toxicity. 
After more  prolonged exposure (eight and twelve weeks),  many 
of the pa rame te r s  which were observed ea r l i e r  to  be abnormal 
tend to  re turn  towards the levels  found in the comparable con- 
t ro l  animals ,  although some did not. Interestingly, a few of 
the pa rame te r s  were  found to  be abnormal in the opposite 
direction af ter  twelve weeks of exposure. 
We conclude that the response of CoA was as expected 
In the ear ly  sxages of the 
- 9- 
8 .- 
f r o m  a marginal oxygen toxicity.\ 
experiment,  GOA was destroyed by a high cellular level of oxy- 
1 
gen. On longer exposure,  the oxygen tension at the cellular 
level was decreased and CoA concentratlon was allowed to returr, 
t o  normal .  Severs1 minor changes appeared to contribute to  the 
decreased cellular oxygen tension. The herna+,ocrit values of the 
experimental  animals decreased while hemoglobin suffered p a r d l e l  
dec reases .  q r - B l 1  increases  in methemoglobin were  observed in 
the blood of these animals though, again, glucose- 6-phosphzte 
. .-_ 
dehydrogenase Evctivity r o q h l y  paral le led the change s In 
numbers  of red  cells. - "%- - 
The C 0 2  concentration In the blood was elways F-igher 
throughout the twelve weeks of exposur;; 
contribute to  a decreased oxygen t ranspor t  capacity of blood. 
This could also 
-7 
The relationship of the blood CO2 level to C 0 2  expiration I s  
discussed.  Perhaps related bo this  i s  the drimatSc is,crease 
in the s ize  of the hear t  after twelve weeks  of exposure.  
Metabolically, the hearr: and kidney apparently had more  
effective homeostatic mechanisms than dfd the l f v k r .  .in both 
the hr a r t  and kfdney, C"-acetate incorporLtion into glycogen, 
which ~ 2 s  reduced a f t e r  four w e e k s  of exposure,  was identical 
I 
to that in  the control animals after txm'lve weeks of exposure 
* 
l e s s  into t r iglycer ides  &nd almost  noce inio unes:rr:€,r d i, ~ t f  
2 
4 
acids  but incorporates  a great deal into the mono- and 
diglyceride fraction. In the hear t ,  the major  difference in 
C l4 incorporation was the definite increased  incorporation 
into s te ro ls  (almost entirely cholesterol), both f r e e  and e s t e r i -  
fied. Plausible  interpretations of these data  a r e  discussed. 
Although ur inary ketone body concentration remained unchanged, 
the radioactivity in  the carboxyl carbon of acetoacetate was :E- 
creased  at four weeks in  the expe r imec td  animals and was even 
more  affected by the twelfth week. 
During this period, a manuscript  entitled "Effects of Dfs-  
--" - 
C onr ' inuous Ex posure to a nlgn uxygen-Low p r e s s u r e  En.uT;ron- 
ment on Rats" was prepared fo r  submission for  publication in 
AEROSPACE MEDPCIXE. 
3 
? 
I. INTRODUCTION 
The previous status repor t s  have suggested that the 
al terat ions in metabolism demonstrated in animals  exposed 
to an environment essentially made up of oxygen at 5 ps ia  
were  related to a marginal hyperoxic situation at the cel l  
level but that the animals tend to  adapt to  this  environment 
a f te r  exposure to i t  for  1 2  weeks. The work presented he re -  
represents  an attempt to verify the relative oxidative nature 
a t  the cellular level and the extent as well as the nature of 
the adaptation occurring. 
This work is a continuation of the studies on the effects 
of the experimental  environment on the turnover r a t e s  of 
metabolic pools af ter  4 and 1 2  weeks of exposure and 
additionally contains evidence of the oxidative state of the 
t i s sues  in  another experiment in which animals  were sacrificed 
a f te r  living in the t e s t  environment for  4, 8 o r  1 2  weeks. The 
la t te r  experiment included studies of the C1402 expiration and 
ketone body metabolism. 
Essentially,  it appea2s that many of the metabolic disturb- 
ances  observable a f te r  4 weeks tended to re turn  towards normal  
4 
* 
af te r  exposure for  1 2  weeks. However, this  was not the 
case  with severa l  parameters .  The hea r t s  of the experi-  
mental animals were  much l a r g e r  and the blood p 0 2  and 
A-V difference in  p02  was considerably l e s s  than in the 
comparable control animals. Additionally, differences in 
the radioactivity incorporation into acetoacetate observed 
af ter  4 weeks become progressively g rea t e r  af ter  8 and 
1 2  weeks. 
Measurement of blood gases  indicate that af ter  4 
weeks of exposure the experimental animals  were  suffering 
f r o m  uncompensated respiratory acidosis.  
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XI. EXP ERPMENT AL 
During the period covered by this  report ,  a detailed 
analysis of the turnover ra tes  of metabolic pools in  var ious 
t i s sues  was initiated f o r  animals exposed to  the experimental  
environment for  4 and 12 weeks. Lipids were fractionated 
by thin-layer chromatography using n-hexane, diethylethe r and 
acetic acid in a rat io  of 90: 10: 1 as the development system. 
The resolved lipid fract ions were  detected with the aid of 
iodine vapors ,  scraped into counting vials and counted in the 
liquid scintillation spectrophotometer in the presence of 20 ml  
- * -1 DnD V I  c ~ - l ~ ~ ~  0 .  T d 5 e S  w h e r e  
quenching was indicated the addition of an internal standard 
._.- w d s  made using 105 dpm of ZI4-acetate .  
An attempt was made to  quantitate the amount of lipid on 
each spot of the chromatogram. The developed plates  were 
sprayed with a 10% H2S04 solution and heated in  a covered hot 
plate at 85OC for 30 minutes. 
placed on a Photovolt TLC Densitometer to  quantitate the free 
s t e ro l s  (essentially cholesterol). Unfortunately, it was observed 
that the degree of unsaturation in  the fatty acids great ly  
The char red  plates  were 
4 
influences the density of char observed on the plates. Since 
we have already reported an alteration in the ratio of satura-,  
ted to unsaturated fatty acids in the experimental  animals ,  
this  method of quantitation, although reasonably simple and 
quite reproducable, was not very  accurate  in the case  of f r a c -  
tions that contained fatty acids. Thus, we were  unable to  
quantitate the phospholipids; mono-, di- and t r iglycer ides;  s te ro l  
e s t e r s  and unesterified fatty acids  with this technique. 
Folllowing saponification of an aliquot of the unfractionated 
lipid, the fatty acids  were separated as the methyl e s t e r s  on a 
7 1 / 2  f t ,  107 o diethyleneglycolsucclnate column in a gas-iiquici 
chromatograph equipped with a four fi lament katharometer.  
effluent f ract ions were  collected in a g lass  tube which was  
cooled in a d ry  ice-acetone bath. Identification was made by 
comparison of the retention t imes  of the recorded fatty acids  
with those of known standards. 
The 
Glycogen determinations were  reported in our  l a s t  status 
report  for  animals  exposed to the tes t  environment fo r  4 weeks. 
In general  the same procedure was used to  precipitate the glycs- 
gen in 12  week exposed animals. However, in o rde r  to obtain 
7 
a more  accurate  measurement of the amount of carbohydrate 
present ,  an aliquot of the Pipid extracted solubilized homogen- 
a te  was hydrolysed in 10% HzSO4 on a boiling water  bath for  
1. 5 hours  and the glucose concentration was determined colori-  
metr ical ly  by the copper reduction technique (1). 
A second long-term experiment was concluded during 
this period. Twenty 325 gm rats were  placed in the experi-  
mental  and also i n  the control chamber.  After exposure to 
I 
I 
~ 
the tes t  environment for 4 and 8 weeks, t h ree  animals  were  
returned to the laboratory environment, injected with acetate- 
, I n  . ., 
L - L * *  a o  me r a e  o 
the metabolic chamber  f o r  8 hours.  During this period, the 
expired GO2 w a s  trapped and measured  as previously reporzed 
for  the 1 2  week exposed animals in %he October 1964 status 
report .  Thus, this  portion of the experiment completes the  
accumulation of comparable GO2 expiration data for animals  
exposed to the t e s t  environment for  4, 8 and 1 2  weeks. 
I 
Additionaliy, this second long-term experiment was 
designed to remove animals a f t e r  4, 8 and 12 weeks to deter- 
mine arterial and venous p02 and pC02. Five exp2rimentaB 
8 
and five control animals were sacrificed for  this  exgerimext 
af ter  4 and 8 weeks of exposure and four animals  of' each 
group were sacrificed after being exposed fo r  1 2  weeks to 
the t e s t  environment. 
Although it was  recognized that the use of any anaes-  
thetfc will tend to reduce the oxygen carrying capacity of 
blood, it was impractical  to  i n se r t  a r t e r i a l  and venous 
cannulae in animals in our chamber system. Therefore ,  on 
the advice of Dr .  B. E. Welch, we injected Sodium Pentothal 
QAbbott) into the tail vein of each rat a t  the rate  of 1 2  mg/kg 
of body weight. This technique anaethesized th e animal 13 
about 3 seconds. The body cavity was opened and heparinized 
blood was obtained f r o m  the hepatic vein and the abdomi2d 
aor ta  a s  anaerobically as  possible. The samples  were  stored 
in  the refr igerator  under minera l  oil and the p02-pC02 
measurements  viere done in duplicate can the Van Slyke ~ p p a r a -  
tus  that same day. 
Routine physiological measurements  were  a l so  made on 
these animals  as weP? L S  glucose- 6-phosphate dehydrogenzse 
and coenzyme A determinations a s  outlined in our l a s t  two 
9 
status reports .  Hemoglobin and methemoglobin was detr  rmined 
by a routine clinical technique (2). 
Ketone bodic s, excluding g-hydroxybutyrate we r e  measured  
(3 )  in the ur ine of rats subjected to  the experimental  environment 
for  1 2  weeks. In addition, radioactfvity in ur inary  acetoacetate 
and acetone was determined. The l a t t e r  measurement  was made 
by adding c a r r i e r  acetoacetate, ur ine,  and acid to a reaction 
flask that was flushed with nitrogen. After dissolved carbon di-. 
oxide was removed by this procedure,  the reoction f lask was 
heated to decarboxylate the acetoacetate. The carboxyl carbon 
was trapped as carbon dioxide in sodium hydroxide, precipitated 
as bar ium carbonate and counted in a liquid scintL'- 1 Lation counte r 
(4). The acetone was  trapped as the 4-phe~ylsemicarbazc ,n t ,  
recrystal l ized and assayed for  radioactivity i n  a Piquid scir.ti:la- 
tion counter. 
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UP. PHY SPOLOGPGAL RESPONSE TO EXPERIMENTAL 
ENVIRONMENT 
a. General 
In the second 1 2  week experiment,  the animals  were  housed 
in the chambers  described in  our April 1964 status report .  The 
water  consumption data (Table 1) were  somewhat lower than we 
previously reported. This was apparently due to a change in 
the electrodes of the water control sys tem which prevented 
wastage of water.  Also, the chambers  were  maintained at a 
slightly lower temperature  during this  experiment. Notwithstacd- 
ing, the relative relationship between experimental  and control 
TABLE 1 
WATER CONSUMPTION 
(mP/animal/day) 
Pe r iod  Control Experimental  Expt/Cont 
Ratio 
1st 4 weeks 35.9 38. 5 1.07 
2nd 4 weeks 35.7 40.4 1.13 
3rd 4 weeks 40. 3 43.4 1. 08 
AI1 12  weeks 37.3 40.7 1.08 
11 
animal water consumption is in good agreement with our psev- 
ious data. N o  significant differences in food consumption were 
observed during the ent i re  B 2 week experiment. 
The rate at which oxygen entered the chamber averaged 
8.9 l / m i n  (STP) a2d the by-pass was set at 6.8 P/min. The 
altitude was held at ? 58 feet. 
in the control chamber was 341.6 m m  Hg, and the average temper-  
a ture  in the chambers  was 2P.7OC. 
The average barometr ic  p re s su re  
b. Body and tissue weights. 
In the October 1964 status report ,  it was shown that there 
was no difference in  body weight af ter  4 weeks of exposare bLt 
a f te r  8 and 1 2  weeks of exposure, the experimental animals were  
somewhat heavier. In the challenge experiment QTzbke 2)  the 
resu l t s  were  the same in  qualitative te rms .  Statistically Ithe 
difference 8 were rxver  significant i n  this  experiment, but the 
sample size was about 2570 of that used in the previous experi-  
ment. it appears ,  therefore, that there  i s  a consistent tendency 
f o r  the experimental animals to  gain more  weight than the control 
animals. Previously we suggested that this might be attributed to  
edema. H O W ~ V E I " ,  the water consumption d a a  (TaSPe 14 show 
1 2  
c, 
d 
4 
that  the experimental animals I '  consumed" about 9'70 more  water  
than the control and a91 of this can be accounted f o r  through the 
g rea t e r  evaporation rate  i n  the experimental  chambers .  Ca rcas s  
analyses which should be completed this  summer will E,opefuPly 
clarify this  question. 
In agreement  with our last status report ,  the l i ve r s  of 
the experimental  animals  tended to be heavier  a f te r  4 z,nd 1 2  
weeks of exposure with a suggestion that this  may not be t rue  
at 8 weeks. However, in this experiment the difference was 
significant ofter 4 weeks of exposure only. 
The pattern with respect to the hear t  was exactly in  
agreement  with our  last report  in that i t  tended to remain un- 
affected through 8 weeks of exposure but was very  sign1f:cantly 
l a r g e r  in the experimental  animals  after 1 2  weeks of exposure. 
This applied both to the tissue weight and when expressed  as a 
percent  of body weight. 
Again, the bra ins  sf the two groups of animals  w e r e  not 
appreciably different af ter  8 o r  12 weeks of exposure,  par t icular-  
ly  when expressed  as a percent of body weight. However, af ter  
4 weeks of exposure,  the bra ins  of the experimental  animals 
were  significantly heavier.  
The raw data on the lung weights were  not as boldly 
different a s  in the last experiment but one notes a t rend 
toward a g rea t e r  weight. It therefore  seems  desirable  now 
to study the lipids involved in  the lung surfactant mater ia l s ,  
especially in view of the p02 data presented l a t e r  in  this  sec- 
tion. We a r e  presently pursuing this study. 
When viewed in the aggregate, the d.ata a r e ,  in general ,  
consistent with the concept that these animals  a r e  adapting to 
the experimental  environment with increased t ime of exposure. 
The major  exception t o  this i s  hear t  weight. This t issue 
appears  to  r e s i s t  alteration during the f i r s t  8 weeks but, by 
i 2  weeks has been considerably affected. The implications of 
this  a r e  discussed more  fully in the following section. 
c. Blood gases .  
The da tL  polnt to a very interesting and complex picture 
(Table 3). 
the experimental  animals.  Carbonic anhydrase would convert 
C 0 2  to H2CO3 and tend to Lower the blood pH. As reported 
in our April  1964 status report ,  a f te r  4 weeks exposureg the 
It is  apparent that the pCOz is always higher in 
1 5  
TABLE 3 
BLOOD GASES 
(Volumes 70) 
Time of Blood Control Experimental  p <  
Exposure Gas Ar t e r i a l  Venous Ar te r i a l  Venous Ar t e r i a l  Venous 
4 wks 
0 2  14.5 
C 0 2  38.2 
1 1 . 2  15.7 11.9 
46. 5 44.2 53.3 
a 02 . 5  
. 0 1  . 0 1  
8 wks 
0 2  16.2 
CO2 42.0 
12.4 14.4 11.0 
46.4 45.8 56. 2 
. P  . 0 5  
. 4  . OP 
O2 16. 8 
1 2  wks 
c02 35.1 
12 .5  14 .7  1 2 . 5  
43. 8 45.8 57.2 
. P  
OE 
. 9  
. 01 
TABLE 4 
A-',7 D1FFERE:VCES LP? VOLUME PERCENT O F  BLOOD 0 2  
Time of 
Exposure 
4 wks 
8 wks 
1 2  wks 
c ont r oP Experimental  
3. 3 3 .8  . a  
3.7 3 .5  . 9  
4 . 3  2 .3  .OP 
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control animal blood pH was 7.49 while pH in the experimental  
animals was 7.36 (P < 0.001). 
p 0 2  was grea te r  in  the 4-week exposed experimental  ani- 
mals on both the a r t e r i a l  and venous samples.  The A-V 
difference was a l so  grea te r  by about 1570. 
might expect i f  this environment resulted in  a marginal  hyper- 
oxic situation. But it is  interesting that the control animals  
showed a consistent increase in both a r t e r i a l  and venous p 0 2  
with increase  in age while the experimental  animals  showed a 
tendency to decline with time so that the a r t e r i a l  values be- 
came lower than comparable control values. 
This  was as one 
Twelve weeks a f te r  the experiment was begun, the venous 
p 0 2  values were  the same in  both groups of animais.  
might indicate again P homeostatic adaptation. But because of 
the decreasing a r t e r i a l  pO2 in  the experimental  animals  the 
A-V difference (Table 4) are  very close at 8 weeks and greatly 
reduced in the case of the experimental  animals  a f te r  1 2  weeks 
of exposure.  
This 
The blood pH and pCOz data suggest that  a f te r  4 weeks of 
exposure to the experimental envircnment the animals  suffered 
17 
f rom an uncompensated respiratory acidosis  ( 5 ) .  It is hoped 
that a c l ea re r  interpretation of this  data will be derived this 
summe r . 
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IV . TISSUE OXIDATION 
a. Coenzyme A and Sulfhydryl Containing Enzymes 
Previous  experiments,  in which oxygen a t  high p res su re  
------._ I^ 
caused sever  oxygen toxicity symptoms, demonstrated that 
sulfhydryl containing enzymes and coenzymes were  particularly 
susceptible to  oxygen damage (6). After 4 weeks exposure to  
the space-cabin environment, we found there  was a significant 
decrease  in total f r ee  sulfhydryl groups of brain and l iver.  
Since this measurement  did not specify which mater ia l s  were 
being removed, fur ther  investigations were  directed toward 
specific systems.  The investigation of coenzyme A concentra- 
tion in var ious t i s sues  of ra t s  was therefore  initiated. 
Brain t issue f r o m  experimental r a t s  was compared to that 
f r o m  control rats maintained in s imi la r  chambers  but in a nor-  
mal atmosphere.  In addition, these were  compared to  animals 
taken f r o m  our  regular  animal quar te rs .  It was found that 
bra in  t issue in  both types of control animals  showed a r emark -  
able uniformity. The experimental animal s however, showed a 
regular ,  a lmost  l inear  decrease in the concentration of CoA 
over the first four weeks of exposure (Fig.1) .  The rate  of 
w 
d 
0 
PI 
X w 
5 
Lrc 
0 
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decrease  var ied somewhat f rom experiment to experiment but 
remained essentially l inear  in each instance. The grea tes t  de- 
c r e a s e s  were  observed in two se t s  of animals  deliberately sub- 
jected to  the s t r e s s  of a return to  normal  a tmospheric  conditions 
for  15 minutes every third and seventh day. Nevertheless,  these 
animals differed f r o m  the usual experimental  animals by only a 
few percent.  Pe rhaps  small variations of tempera ture  o r  other 
ill-defined pa rame te r s  may a l t e r  somewhat the absolute metabolic 
changes observed within an experiment,  but the pat tern of meta-  
bolic change is consistent among successive experiments.  
Prolonged exposure to the space environment did not 
resul t  in fur ther  adverse effects to the animal. After eight 
weeks exposure i t  was found that the CoA concentration was at 
a slightly higher level than that attained af ter  four weeks expos- 
ure .  After twelve weeks exposure, no significant difference be- 
tween experimental  and control animals  could be detected. 
Similar resu l t s  were  observed in  l iver ,  kidney and hear t  t issue.  
Another prolonged exposure experiment has  jus t  been completed 
but data a r e  not yet available f o r  comparison with those 
previously completed. 
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b . Methemoglobin 
Since the response to  the experimental  environment 
initially resembles  oxygen toxicity a t  the cellular level,  a 
possible means of adaptation would involve reducing the con- 
centration of oxygen penetrating to that level.  One method by 
which this  could be done would be to  reduce the oxygen t r ans -  
fe r r ing  capacity of red  blood cel ls  (RBC). A minor conversion 
of hemoglobin to methemoglobin would have a marked effect on 
the oxygen t ransfer r ing  capacity of RBC. 
The concentration of methemoglobin was  measured  in the 
blood of control and experimental animals  af ter  exposures  of 
4, 8 and 12  weeks.  While the concentration of methemoglobin 
corresponded to  a conversion of l e s s  than 5% of the totai 
hemoglobin in  the experimental animals ,  i t  was an increase  
over that in the control animals. While such a l o s s  of hemo- 
globin and consequent gain in methemoglobin would not be 
considered damaging, it should have a measurable  effect on 
the oxygen t ransfer r ing  capacity of blood. This s eems  to  be 
borne out by our blood p02 data. 
c .  Glucose-6-phosphate Dehydrogenase 
22  
Since the concentration of methemoglobin in  RBC i s  
usually controlled by the activity of G-6-PDH9 the number of 
units of this  enzymatic activity p e r  ml of blood was determined. 
A decrease  in  the activity of this  enzyme in the blood of experi-  
mental  animals  was observed. The average decrease  in enzyme 
activity was 87 percent of controls a t  4 weeks, 80 percent at 
eight weeks and 87 percent at 1 2  weeks though this  difference 
was statist ically significant only at the eight weeks measurement .  
Based upon the units of activity p e r  red  cell  (cor rec ted  fo r  
variation in hematocrit) ,  the above measurements  would suggest 
that  there  was no appreciable change between control and experi-  
mental  animals  , 
d. Hematocri ts  
A measure  of experimental and control hematocri ts  at the 
fourth, eighth and twelfth week of the experiment i s  reported in  
Table 5. While changes in hematocri t  shown by the experimental  
animals a r e  not la rge  (approximately 11% at 4 weeks, 770 at 8 weeks 
and 770 a t  twelve weeks) and could not be construed as dangerous 
to  the animal,  they a r e  significantly different f r o m  the controls.  
This degree of change has  appeared in our  experiments donsistently. 
23 
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The fact  that the hematocrit value r i s e s  somewhat at  the 8th 
and 12th week over that a t  the 4th week but remains  low, tends 
to  support our hypothesis of adaptation. Since over-al l  changes 
a r e  marginal,  perhaps only marginal adaptive m e a s u r e s  a r e  
r e  quire  d 
e. Hemoglobin 
Hemoglobin content of the blood was determined in experi-  
mental and control animals at 4, 8 and 12  weeks. The concsntra- 
tion of hemoglobin in  experimental animals '  blood expressed as a 
percentage of control was found to  be 8770 at  4 weeks, 9470 at  8 
weeks and 9870 at 12 weeks. These differences were statist ically 
significant a t  both 4 and 8 weeks. Since the hematocrit  ra t ios  
were  a l so  reduced, i t  seems likely that this  was a contributing 
factor  in the above changes. Such small changes in the hemoglo- 
bin and methemoglobin concentration would not be expected to  
endanger the health of an animal and might even be considered 
"normal" by physiological standards.  Nevertheless ,  the marginal  
oxygen toxicity detected during the f i r s t  few weeks of exposure 
appears  to be relieved by such minor a l terat ions of the sys temp 
at leas t  in severa l  of the pa rame te r s  examined. 
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v. RESPIRATORY ~ 1 4 0 ~  
Radioactivity in respiratory carbon dioxide has  previously 
been reported to  be depressed in experimental  animals  at 4 
-seeks (7)  but i s  partially res tored to  normal  by 12 weeks ( 8 ) .  
Figure  2 shows a graph of radioactivity in expired C 0 2  p e r  10  
minutes ve r sus  t ime post injection af ter  8 weeks of exposure.  
The shape of the curve i s  very s imi la r  to  that observed in 1 2  
week animals  ( 8 ) ,  indicating that the recovery p rocess  begins 
before the eighth week of exposure. These data a r e  not i n  
conflict with our  previous interpretation that the biochemical 
response of the animal to  the experimental  environment i s  a 
reduction in metabolic rate but the animal eventually sdapts to  
this  fiew environment. However, par t  of the delayed excretion 
of radioactive ca.rbon dioxide may be attributable to  dilutior: of 
C1402 by the l a r g e r  COz pool present  in the blood of experi-  
mental  animals .  (See  Section PSI) 
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I- CONTROL 
m m m ~ ~  EXPERIMENTAL 
TIME (HOURS) 
F igu re  2. Expiration of Radtoactive C 0 2  During F i r s t  Eight E o u r s  
after Injection of C14-Acetate. (Duration of experimect  - 
8 weeks) 
. 
a. Lipid Content of Tissues  
The lipid content of the l iver ,  kidney and hear t  have 
been determined af ter  4, 3 and 12 weeks of exposure to the 
tes t  environment (Tab:e 6 ) .  The absolute values at 8 weeks 
a r e  not a s  reliable as ~t 4 and 12. weeks because only tkree 
experimental  and a Pike number of control animals  were  
anzlyzed at  8 weeks. 
Both groups of animals were  understandably fa t te r  a f t e r  
an experimental  period of 12  weeks since they were  more  
mature .  A s  a poizt of interest ,  there were  g rea t e r  differences 
in !<.;?id c0nter.t of t i s sues  dne to 2.ge thar, due to  the experimen- 
tal environment, Fu r the r ,  ,t i s  inreresting that the lipid COT?- 
tent i s  the same i n  the hear t  of control and experimentai  
animals after 4, 3 and 12 weeks even though hear t  s ize  was 
considerably grea te r  ir, the 4 2-week exposed experimental  
animals.  The kidney in the experimental  animals  had less  Epid 
a f t e r  4 and 8 weeks of exposxre but had near ly  as much lipid 
as the control animals  a.fter 9 2  weeks of exposure,  again 
suggesting adaptation in  the kidney. 
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TABLE 6 
Pe r iod  of 
Exposure 
4 weeks 
LIPID COMPOSITION O F  TISSUES 
(Expressed a s  $I of Tissue  Weight) 
T i s  sue C ont P ol Experimental  
L iver  2. 9 2.5 
Kidney 2.7 2.1 
Heart  2.5  2 .5  
8 weeks Liver  4 . 0  3. 8 
Kidney 2.9  1 .5  
Heart  1 .8  1 .8  
P 2 weeks Liver  6. 2 5.2 
Kidney 5.0 4. 8 
Heart  3. 8 3.7 
TABLE 7 
CHOLESTEROL CONTENT O F  LIPID 
C ont r ol Experimental  Expe r iments l  
(70 of Lipid) (70 of Lipid) (% of C o n t r d ]  
Liver  
Kidney 
2.74 3.48 127 
3. 00 3.40 213 
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The l iver  of the experimental animals  always had l e s s  
lipid (1470 l e s s  at 4 weeks and 1670 l e s s  a t  12 weeks) indicat- 
ing that i t  was not a s  successful at adapting o r  that i t s  homeo- 
static mechanisms were  not as sensitive and effective as in the 
cases  of the hear t  and kidney. Additional evidence has  been 
gathered f r o m  animals that have been exposed fo r  4 weeks to  
the experimental  environment in  which both the hear t  and the 
l iver  contain more  cholesterol but the difference between the 
experimental  and control l ivers  was twice as grea t  a s  in the 
hear t s  (Table 73. 
b. ~ 1 4  Incorporation into Glycogen 
W e  have previously reported (8)  that the glycogen con- 
tent of the experimental  animal l i ve r s  was about 65% of that 
found in the comparable control animals .  This  held t rue  a f te r  
exposure to  the tes t  environment fo r  4 o r  8 weeks. M o r e  
recent work (Figure 3)  shows that the ra te  of C14-acetate in- 
corporation into l iver  glycogen i s  markedly reduced by about 
5070. This could account for the reduction in  l iver  glycogen 
content. 
experimental  conditions, the specific activity of the l iver  
After exposure of the animals  fo r  1 2  weeks to  the 
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glycogen (expressed as net dpm/mg glucose) was almost  the 
exact opposite of the 4-week data  (Fig.  4). 
It seemed important to look at  other t i s sues  as  well 
since we already know that var ious t i s sues  react  somewhat 
differently to  the experimental s-:ress. After 4 weeks of 
exposure,  both the hear t  and kidney glycogen had a higher 
specific activity throughout the f i r s t  eight hours  af ter  injection 
of acetate- l  - C k 4 0  The specSfic activity peak occurred e a r l i e r  
and was g rea t e r  in the case of the experimental  animals '  hear t  
glycogen. This  difference was  even m o r e  pronounced in the 
kidney. After 12  weeks of exposure,  the specific activity 
curves  fo r  both groups of animals were  essentially superimpos- 
able both fo r  the kidney arid fo r  the hear t .  Thxs the hea r t  
and kidney responded differently to  the experimental  s t r e s s  than 
did the l iver  and more accurately zdapted to the environment. 
C.  C14 Incorporztlon into Total Lipids 
P lo t s  of tketurnover  r a t e s  of C14 f r o m  acetate in the 
total lipid pool of the l iver (F igures  5 and 6 )  indicate that af ter  
4 weeks of exposure,  very l i t t le difference in total incorpora-  
tion occurs  until approximately eight hours  af ter  the injection 
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of radioacetate. At this time, the incorporztion into the 
control animal lipids i s  greater .  This was in agreement; with 
resu l t s  reported in e a r l i e r  status reports .  There  i s  a suggestion 
that the peak of incorpsration may occur e a r l i e r  in the experimen- 
tal animals a s  indicated by specific activity data (F igure  6) .  
Similar plots f o r  the 1 2  week exposed animals  {Figures  7 
and 8) indicate that a f te r  th i s  period of exposure,  the peak in- 
corporation t ime was ear l ie r  in the l i ve r s  of the experimental 
animals and both the specific activity and the total incorporation 
were  grea te r  in the experimental animals .  These data are quite 
s imi la r  to the l iver  glycogen data. Fu r the rmore ,  the turnover 
ra te  of the l iver  lipids appears to  be f a s t e r  in  the experimental  
animals.  This could resuit  in  a decrease  iil the to ta l  lipid in 
the l iver  and was therefore in agreement  with the data concern- 
ing the lipid content of the l iver  (Table 69. 
strong suggestion that the l iver  i s  attempting to compensate fo r  
the decrease  in the ra te  of Pipid synthesis observed af ter  4 
weeks by incorporating mare  acetate info l i ve r  l ipids.  But p e r -  
haps the increased  catabolic ra te  is  still too grea t  to allow 
complete normalization of the lipid content of the l iver .  
Again there  i s  a 
3 4  
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With respect  to  the hear t  l ipids,  there  i s  remarkable  
consistency in both specific activity and total activity, as  well as 
the amount of lipid (reported in section rlall above) when one com- 
pa res  the experimental  animals with the control animals af ter  both 
4 and 12 weeks of exposure, The 12 .week data a r e  even m o r e  
significant when one considers that the heLrts were  very  signifi- 
cantly heavier is the experimectal  animal af ter  12 weeks of 
exposure but were essentialky the same af ter  only 4 and 8 weeks 
of exposure.  This could be interpreted as indicating that the in -
situ metabolism of the hear ts  of the experimental  acimals was 
nor. significantly a l tered by the tes t  environment but that the 
hear t  was required to work m o r e  strenuously to provide oxygen 
to  and remove C 0 2  f r o m  the cel ls  i n  other t i s sues  of the body. 
This izterpretation i s  in  agrhement with the glycogen data and 
the blood gas  d a k .  
In the kidney, s imilar  data indicate that aFter 4 weeks of 
exposure,  the totz.9 incorporztton ar,d the turnover ra te  of CB4  
f r o m  acetate was slower in the experimental  animals  but tended 
to  re turn to normal  af ter  12 weeks of exposure.  These data 
a r e  in  excellent agreement with the lipid content data showing 
36 
that the kidney of the experimental a n i m d s  had a li t t le l e s s  
fat af ter  4 weeks of exposure but re turned to the comparable 
control level zfter 12 weeks. 
d. Turnover Rates  of Frzctionared Lipid Pools  
Fractionation of lipids of cer ta in  t i s sues  on thin-layer 
chromatography and the turnover r a t e s  of these fractions a r e  
reported he re  for  the l iver  and hear t  of animals exposed to the 
experimental  environment for 4 weeks. Similar work on the 
kidney of these animals s n d  E v e r ,  hear t  and kidney of tb-e 12- 
week exposed animals is now in  progress .  
Tho bold d i f f e remss  in incorporztion of C14-acetate into 
six l iver  lipid fractions,  
radioactivity incorporated ir,to l iver  lipid, a r e  shown in 3 bar  
graph (Fig.  9).  It is clear  that the experimental  animals  in- 
corporate somewhat less  radioactivlty in  the tr iglyceride f r a c -  
tion than control animals (note pr t icu i la r ly  the 20 mfn. 1 hour 
and 4 hour dataland very l i t t le Ca4-acetate  into the unesterified 
fatty acids  QUFA). These data  a r e  generally in agreement  with 
data  previously reported -Jsing si l icic acid column chromato- 
graphy for separation of l iver  l ipids.  On the other hand there  
expressed a s  a percent  of the total 
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was a la rge  increase  in the relative amount of C I 4  incorporated 
into the mono- and diglycerides in  the experimental  animals .  In 
addition, the totalamount of C14 in  the s te ro l  e:ters was g rea t e r  
in the experimental  animals while, in  general ,  there  was l e s s  in 
the f r e e  s te ro l  fraction. It should also be noted that the speci-  
fic activity of the f r e e  sterol fraction i s  consistently less in the 
experimental  animals (Fig.  12) .  
Since the amount of lipid in the l i ve r s  of the two groups of 
animals differed, the data a r e  a l so  expressed on an absolute 
bas i s  z s  dpm incorporzted into each fract ion p e r  Eve r  (Fig.  E O ) .  
The resu l t s  were ,  in substance, the same.  
C k g s i c z ~ X y  - 7 : ~  P " I I _ C I ~ Q P  t h e  foymation of mono- and digly- 
cer ides  as intermsdiates  ir, the synthesis 0 t r iglycer ides  f r o m  
L-% -glycerol phosphate and unesterified fatty acids ,  and f r e e  
s te ro ls  and unesterified fatty acids  as p recu r so r s  of s te ro l  e s -  
t e r s .  The s te ro l  e s t e r  data zire consistent since the formation 
of more  s te ro l  e s t e r s  c o d d  lead to  a reduction in  f r e e  s te ro ls  
and UFA, but the mono- and diglyceride data a r e  not ss easi ly  
explained. One possible expianation €or  the tremendous increase  
in radioactivity incorporation into mono- and diglyceride may be 
that, there  exis ts ,  in  the l i ve r s  of the 4-week exposed animals ,  
a par t ia l  inhibition of the tr iglyceride synthesis and that tr igly- 
ceride level is  cr i t ical  and its formation i s  controled by a 
feed-back mechanism. It seems desirable  to hydrolyze the gly- 
cer ides  to  determine whether the C14 label  is  in  the glycerol 
moiety or in the fatty acids, E the radiolabel is  mostly in the 
glycerol, the fundamental problem may be a deficit of radio- 
active fatty acid. This does not s e e m  too likely, however, 
since the C I 4  activity of the phospholipids was not appreciably 
lower in the experimental  animals (except fo r  the 40 minute 
data) and each phospholipid molecule hzs  one fatty acid and 
most  contain two. Fur ther ,  cur ren t  evidence indicates that  
t h e  c-r-fha 5~ c nf yhospholipids and diglycerides share  a 
co~~xmoii  pathway until phosphatidic acid i s  formed and then the 
two pathways branch. 
- J ------ 
An in vi t ro  experiment is p lanmd to t e s t  the ir,herent -- 
capacity of the experimental a n l m d  l ive r s  t o  syntkze s ize  fatty 
acids  f r o m  acetate and iEcorporate these acids  into ester i f ied 
products (glycerides and phospholipids). 
The relative incorporation data for  the hear t  lipids (Fig.  
11) indicate that the major difference in this  t issue was the 
definite increase  in the amount of C incorporated into the 14 
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1 
experimental  animal s te ro ls  (a lmost  entirely cholesterol) ,  both 
f r e e  and esterified.  Additionally, the specific activity of the 
f r e e  s te ro ls  was g rea t e r  in the experimental  animal hea r t s  
(Fig.  13). This was t rue  for the kidney a s  well. 
It would seem, therefore,  that af ter  4-weeks of exposure 
to  the t e s t  environment, the l i ve r s  of the experimental  animals  
f o r m  more  mono- and diglycerides and perhaps m o r e  ester i f ied 
s te ro ls  while the hear t  formed more  f r e e  and ester i f ied s te ro ls  
and formed the s te ro ls  fas te r  than the control animals .  It 
would be interesting, in the light of this evidence, to determine 
the blood cholesterol level and the deposition of s te ro l  platelets 
in tne aorr;a exiLiIlg &= ' - - - - - &  A i c , a L b  ,.-- -  -- : * A ; ~ 3 t ; n n  *.--_-_____ nf TxrhPther p r o -  
longed exposure to the high 0 x y g e n - 1 ~ ~  p r e s s u r e  ecvircnment 
would increase  the potential f o r  a therosc le ros is .  
t icularly interesting since the t i s sues  showed higher cholesterol 
levels af ter  4 weeks of exposure (Table 7). Although it i s  
recognized that r a t s  a r e  relatively resis tant  to induced atheros-  
c le ros i s  (91, the danger of such a situation t 0  astronauts  may 
be significant. 
This i s  pa r -  
e .  Ketone Bodies 
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Although there  was no  difference in the concentration of 
acetone plus acetoacetate i n  the urine of experimental  and 
control animals af ter  twelve weeks of exposure,  there  was a 
marked difference in the incorporation of radioactivity (Table 8). 
The incorporation of carbon-14 into acetone and the acetone por -  
tion of acetoacetate was not great ly  affected by the experimental  
environment but the radioactivity in the carboxyl carbon of aceto- 
acetate was much higher i n  the urine of experimental  an imals ,  
TAELE 8 
RADIOACTIVITY IN URINARY ACETOACETATE 
14 ---.-.. iipm x 10-3 dpm x 10-3 
-C14 in Ratio Luun in 
Weeks on Ace tme COOH Acetone 
Experiment Co2i;roP Exptl Control Exptl Control ExptE 
~ 
4 34.6 49.4 32 .2  464 3.08 9.57 
8 E 36 170 286 2325 2. 07 13.2 
1 2  B G O  E 64 170  2640 1.77 15 .4  
Consequently, the rat io  of carbon- 14 in  the carboxyl carbon compared 
to the acetone moiety i s  markedly g rea t e r  in the experimental  
animals.  Moreover,  this  ra t io  continues to increase  the longer 
the animals  a r e  exposed to the experimental  environment. 
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c 
These data clearly show that e i ther  the exper imentd  
animals utilize a different path w a y  f o r  acetoacetate biosynthesis 
o r  their  source of substrate which becomes the carboxyl carbon 
has  a much higher specific activity. The source of the carboxyl 
and alpha carbons of acetozc8tate has  beer_ thought to be acetyl 
CoA, whether synthesis occurs by a direct  deaeylation of aceto- 
acetyl COP, (10) o r  v iae-hydroxy-  6-methylg lu ta ry l  CoA ( k i  1- 
ever, prel iminary evidence (12) has  been ob$ ained which h d i c a t e s  
that the carboxyl and alpha carbons of acetoacetate do not come 
direct ly  f r o m  acetyl CoA but ra ther  f rom protein bound acetate,  
pzrhii-3 analogous to  the active acetate involved ir, fatty acid 
biosynthesis i i j jo  L~~~~ Lu~LA:GctL~z, it ck.---zld b e  ~ n f e d  thaf  
specific activity of l iver  lipids was higher in exper ixen~a!  anixnahs 
than che controPs duzing the initial period post-injection at 4 weeks 
(F ig .  69 and became even higher at 12 weeks (Dig. 8). The same 
generzl  statemer,t i s  true for  tots1 i a c o r p z a t i o n  (F igs .  5 ;rid 7 ) .  
On the other hand, tkis increase in  incorporation of radioactive 
carbon into the carboxyl carbon of acetozcetate and Ever  lipids 
does not appear  t o  be correlated. with the availability of coenzyme 
A since the concentration of coenzyme A was reduced at 4 weeks 
but re turned to normal  by 1 2  weeks (Section IV)* Thus, the 
How 
1 1  
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. 
major  change in  ketone body biosynthesis (acetoacetate) mas 
apparently related to  the method of synthesis ra ther  than to 
the amount of synthesis. 
c 
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